Objective: Executive function consists of multiple cognitive processes that operate as an interactive system to produce volitional goaloriented behavior, governed in large part by frontal microstructural and physiological networks. Identification of deficits in executive function in those with neurological or psychiatric conditions can be difficult because the normal variation in executive function test scores, in healthy adults when multiple tests are used, is largely unknown. This study addresses that gap in the literature by examining the prevalence of low scores on a brief battery of executive function tests. Method: The sample consisted of 1,050 healthy individuals (ages 16-89) from the standardization sample for the Delis-Kaplan Executive Function System (D-KEFS). Seven individual test scores from the Trail Making Test, Color-Word Interference Test, and Verbal Fluency Test were analyzed. Results: Low test scores, as defined by commonly used clinical cut-offs (i.e., ≤25th, 16th, 9th, 5th, and 2nd percentiles), occurred commonly among the adult portion of the D-KEFS normative sample (e.g., 62.8% of the sample had one or more scores ≤16th percentile, 36.1% had one or more scores ≤5th percentile), and the prevalence of low scores increased with lower intelligence and fewer years of education. Conclusions: The multivariate base rates (BR) in this article allow clinicians to understand the normal frequency of low scores in the general population. By use of these BRs, clinicians and researchers can improve the accuracy with which they identify executive dysfunction in clinical groups, such as those with traumatic brain injury or neurodegenerative diseases.
Introduction
The frontal lobes and their interconnections are particularly susceptible to structural or microstructural damage as a result of multiple neurological conditions, such traumatic brain injury (Eierud et al., 2014; Stuss, 2011) and frontotemporal dementia (McKhann et al., 2001; Rosen et al., 2002) . Frontal systems dysregulation also occurs in neurodevelopmental disorders such as attention-deficit hyperactivity disorder (Bush, Valera, & Seidman, 2005) , and psychiatric disorders such as depression (Lorenzetti, Allen, Fornito, & Yücel, 2009 ) and post-traumatic stress disorder (Liberzon & Sripada, 2007) . Executive function is governed in large part by frontal microstructural and physiological networks (Aron, 2008; Collette et al., 2005) , and constitutes higher-order cognitive processes that operate as an interactive system to produce volitional goal-oriented behavior (Jurado & Rosselli, 2007) . Examples include planning, organization, set shifting, inhibition, self-monitoring, working memory, and initiating and sustaining motor and mental activity (Lezak, Howieson, & Loring, 2004; Strauss, Sherman, & Spreen, 2006) .
There are fundamental challenges for clinicians and researchers who wish to identify deficits in executive function in those with neurological or psychiatric conditions. Most fundamentally, normal variation in executive function on experimental cognitive tasks has been documented in the research literature (MacDonald, Nyberg, & Bäckman, 2006) , but the variation that typically occurs in the context of clinical assessment among healthy adults, when multiple tests are administered and interpreted, is largely unknown. Researchers have demonstrated that healthy children Brooks, Sherman, & Iverson, 2010) , adults (Crawford, Garthwaite, Longman, & Batty, 2012; Schretlen, Testa, Winicki, Pearlson, & Gordon, 2008) , and older adults (Brooks, Iverson, & White, 2007; Brooks, Iverson, Holdnack, & Feldman, 2008) often obtain low scores when administered a battery of tests (Binder, Iverson, & Brooks, 2009 ). This is true for specific cognitive domains too, such as memory (Brooks, Iverson, Feldman, & Holdnack, 2009) , processing speed (Brooks, Iverson, & Holdnack, 2013) , and executive function (Brooks, Iverson, Lanting, Horton, & Reynolds, 2012; Crawford, Garthwaite, Sutherland, & Borland, 2011) . The prevalence of low scores in healthy people across a battery of tests or within a cognitive domain is far greater than predicted by simply considering the person's normative score in relation to the bell curve. For example, if a person is administered a single test of memory and scores at the 5th percentile, then the clinician or researcher knows that performance is uncommon relative to the general population. However, the probability of obtaining one or more low scores increases greatly if several memory tests are administered. For example, considering the 899 individuals between the ages of 16 and 69 in the Wechsler Adult Memory Scale-Fourth Edition (WMS-IV; Wechsler, 2009) standardization sample, 29.4% obtained one or more low scores on this battery of tests (i.e., ≤5th percentile considering the eight primary immediate and delayed memory subtest scores simultaneously; Brooks, Iverson, & Holdnack, 2013, online Table eA2.16) . In regards to executive function, considering the 16 primary achievement scores from the Delis-Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001a) , it was previously estimated that 49.4% of the normative sample would obtain one or more scores ≤5th percentile (Crawford et al., 2011) .
Therefore, clinicians and researchers who examine executive function in people with neurological and psychiatric conditions need more information on how to accurately identify and quantify deficits on testing. To do so, multivariate base rate (BR) analyses on a brief battery of tests of executive function are needed. Some of the most commonly administered tests of executive function in clinical practice include the Trail Making Test, Verbal Fluency Test, and Color-Word Interference Test (Rabin, Paolillo, & Barr, 2016 ) from the D-KEFS. The purpose of this study is to examine normal variation in test performance across seven scores derived from these three D-KEFS tests and to develop recommendations for identifying deficits in executive function that could be tested in future clinical studies. Crawford and colleagues (2011) have developed a sophisticated computer program that can estimate the BRs of low scores for any combination of primary D-KEFS scores that is based on descriptive statistics and correlation matrices presented in the test manual. However, this program does not stratify performances based on characteristics known to affect low score prevalence (e.g., education, intelligence; Binder et al., 2009; Brooks et al., 2013; . The current study extends the work of Crawford and colleagues by (a) using the original standardization data for the D-KEFS and (b) stratifying the derived multivariate BRs by relevant demographic variables.
Method

Participants
The D-KEFS normative sample, received with permission from Pearson, Inc. (2001) , consists of a nationally representative sample of 1,750 participants between the ages of 8 and 89. All scores were age-corrected with a mean of 10 and a standard deviation (SD) of 3. The representation of sex, age, race/ethnicity, education, and geographic region for the sample closely matched that of the 2000 U.S. Census data. For the current study, only participants between the ages of 16 and 89 were included in the calculation of multivariate BRs. This normative sample included 1,050 participants (47.8% male) between the ages of 16 and 89 distributed across the following age groups: 16-19 (n = 175), 20-29 (n = 175), 30-39 (n = 150), 40-49 (n = 100), 50-59 (n = 100), 60-69 (n = 125), 70-79 (n = 125), 80-89 (n = 100). The sample was predominantly White (79.2%), but also included participants from African American (10.6%), Hispanic (8.1%), and other racial/ethnic backgrounds (2.1%). Their level of education was as follows: ≤8 years (5.7%), 9-11 years (12.2%), 12 years (34.3%), 13-15 years (26.7%), and 16 or more years (21.1%). The D-KEFS technical manual (Delis et al., 2001b) provides additional information regarding the full normative sample. A subsample of the participants included in this study (n = 823) completed the Wechsler Abbreviated Scale of Intelligence (WASI; Psychological Corporation, 1999) . This subsample allowed for the calculation of multivariate BRs stratified by intellectual ability level (calculated using all four WASI subtests).
Measures
The D-KEFS battery contains a series of nine tests described in detail in the technical manual and in test reviews (Delis et al., 2001b; Homack, Lee, & Riccio, 2005; Shunk, Davis, & Dean, 2006) . Each of these nine tests has one or more Total Achievement scores. These scores are the primary indicators of executive function ability for each test. For this study, we used the Total Achievement scores (listed in parentheses) derived from the D-KEFS tests most commonly administered in clinical practice (Rabin et al., 2016) : the Trail Making Test (i.e., Condition 4: Number-Letter Switching -Time-to-completion), Verbal Fluency Test (i.e., Condition 1: Letter Fluency -Total Correct; Condition 2: Category Fluency -Total Correct; Condition 3: Category Switching -Total Correct Responses; Condition 4: Category Switching -Total Switching Accuracy), and Color-Word Interference Test (i.e., Condition 3: Inhibition -Time-to-completion; Condition 4: Inhibition/Switching -Time-to-completion). Although many supplementary D-KEFS scores are available in addition to the Total Achievement scores, we considered only the Total Achievement scores in our BR calculations in the interest of practicality and clinical utility, because most practitioners will interpret these scores in clinical practice.
Statistical analyses
Multivariate BRs of low scores were calculated for the full sample (ages 16-89). Only cases with no missing test data were included in the calculation of the BRs. The multivariate BRs were calculated as cumulative percentages, representing the percent of participants with one or more low scores based on commonly used clinical cut-offs, including ≤25th percentile, ≤16th percentile, ≤9th percentile, ≤5th percentile, and ≤2nd percentile (Binder et al., 2009; Brooks et al., 2013; Crawford et al., 2011 Crawford et al., , 2012 . The BRs were further stratified based on education (i.e., ≤8 years, 9-11 years, 12 years, 13-15 years, and 16 or more years) and intelligence (i.e., WASI FSIQ ≤89, 90-99, 100-109, and 110+). Because past D-KEFS multivariate BR calculations did not identify significant differences in low score prevalence between younger and older age spans (Crawford et al., 2011) , the BRs calculated for the current study were not stratified by age, but instead were calculated for the full sample (i.e., ages 16-89). This range aligns closely with the age range used for the multivariate BRs provided for the WAIS-IV (i.e., 16-90 years old; Brooks et al., 2013, Table eA2 .14), which is the most commonly administered measure in neuropsychological assessment (Rabin et al., 2016) .
Results
The prevalence rates of low scores on the D-KEFS in the total sample, and in subgroups stratified by level of intelligence and education, are presented in Table 1 . In the total sample, most people obtained one or more low scores ≤16th percentile (BR = 62.8%), and more than one-third obtained one or more scores ≤5th percentile (BR = 36.1%). The rates of low scores differed based on level of intelligence and level of education. Among individuals with FSIQ scores at or below 89 points, 88.1% obtained one or more scores ≤16th percentile and 66.9% obtained one or more scores ≤5th percentile. In contrast, for those with above average intelligence, 38.6% obtained one or more scores ≤16th percentile and 16.2% obtained one or more scores ≤5th percentile. For those with 9-11 years of education, 78.4% obtained one or more scores ≤16th percentile and 53.6% obtained one or more scores ≤5th percentile. For those with 16+ years of education, 45.9% obtained one or more scores ≤16th percentile and 22.3% obtained one or more scores ≤5th percentile.
The BRs from Table 1 are organized into normative classification ranges in Table 2 . These normative classification ranges are based on the standard normal distribution, approximately as follows: Above Average: >75th percentile (i.e., fewer than 25% of the sample scoring in this range), Average: 25th to 75th percentile, Below Average: 10th to 24th percentile, Unusually Low: 3rd to 9th percentile, and Extremely Low: <3rd percentile. This allows clinicians and researchers to conceptualize a pattern of low executive function test scores from a normative perspective. It is considered above average to have no scores ≤25th percentile, it is average to have 0-2 scores ≤16th percentile, and it is below average to have three scores ≤16th percentile or two scores ≤5th percentile. It is unusually low to have three scores ≤5th percentile. Table 2 can be used by clinicians and researchers to better understand how a specific patient's or participant's performance across this group of executive function tests compares to people with similar levels of intelligence or education. For example, if someone with 13-15 years of education obtains 3/7 scores ≤25th percentile, that pattern of performance would be considered average. That pattern would be below average, however, for someone with 16+ years of education or for someone with an FSIQ at or above 110 points. An unusually low pattern of performance would be obtaining 3/7 scores ≤16th percentile for those with FSIQ scores of 100 to 109, and 5-6/7 scores ≤16th percentile for those with FSIQ scores of 89 or lower.
Discussion
This article provides the first multivariate BRs for the D-KEFS with stratifications for education and intellectual ability, offering an advanced psychometric resource to quantitatively interpret performance patterns across multiple executive function tests "simultaneously" among adult clients and research participants. Similar to findings with other neuropsychological test batteries (e.g., Binder et al., 2009; Brooks et al., 2009 , it was common for people in the D-KEFS normative sample to obtain low scores, and the prevalence of low scores increased with lower intelligence and fewer years of education. These results replicate and extend findings from prior studies using the D-KEFS (Crawford et al., 2011) and the Test of Verbal Conceptualization and Fluency (TVCF; Reynolds & Horton, 2006) . Notably, the TVCF battery has similar tests to those represented in the D-KEFS, including two verbal fluency tasks and one trail making task. However, a far greater percentage of individuals attained low scores on the D-KEFS than the TVCF. For example, on the three-test D-KEFS battery, 62.2% of individuals obtained one or more scores at or below the 16th percentile, whereas 27.7% of individuals from the TVCF normative sample obtained one or more low scores below the 16th percentile . Although the exact causes of this difference in BRs are unknown, it likely resulted from three key differences: (a) the D-KEFS battery considered seven scores and the TVCF battery included five scores (i.e., the more scores interpreted, the greater the prevalence of low scores; Brooks et al., 2013) ; (b) the cut-off for the D-KEFS was at or below a scaled score of seven, whereas the cut-off for the TVCF was below a T-score of 40 ; and (c) the TVCF normative sample included participants with neurodevelopmental and physical health problems that are associated with lower scores on tests of executive function, but n = 1,028 n = 160 n = 163 n = 243 n = 241 n = 57 n = 125 n = 351 n = 275 n = 220
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2-3 4 3 2 1 4 3 2 -3 2 2 Unusually low 4 5 4 3 2 5-6 4 -5 4 3 3 Extremely low 5-7 6 -7 5 -7 4 -7 3 -7 7 6 -7 5 -7 4 -7 4 -7 ≤5th percentile Above average Brooks and colleagues (2012) "excluded" those participants when calculating the multivariate BRs, thus decreasing the prevalence of low scores in the "healthy" sample used in their study (i.e., the participants with health and developmental problems were included in the original normative sample, and thus the age-adjusted normative scores for the TVCF reflect their contribution to each age group; however, these participants were not included in the calculation of multivariate BRs). One might question whether the high frequency of low scores for the three-test D-KEFS battery might have been influenced by including four scores from the Verbal Fluency test, assuming some shared method variance lead to greater correspondence between these scores. As such, an individual with a low score on one task within the Verbal Fluency test might attain another low score on a similar measure as a consequence of similar task demands. However, in comparison to the multivariate BRs of other batteries with similar amounts of tests interpreted, the D-KEFS has fairly similar levels of low score prevalence. For example, when interpreting eight subtest scores on the WMS-IV, 57.3% of the adult normative sample attained at least one score at or below the 16th percentile (Table eA2. 16; Brooks et al., 2013) . The three-test D-KEFS battery yields seven scores, and the BR of obtaining one or more scores at or below the 16th percentile is 62.8%. Based on this example, the three-test D-KEFS battery does not appear to produce significantly more low scores than other batteries of similar length, suggesting that the inclusion of four scores deriving from the Verbal Fluency test does not inflate the BRs.
Considering the high likelihood of low scores occurring in clinical practice, neuropsychologists must be mindful of the normal prevalence of low scores among healthy adults. Multivariate BRs are available for the two most commonly administered test batteries in neuropsychology (WAIS-IV/WMS-IV; Brooks et al., 2013; Crawford et al., 2012) and now, with the computer program from Crawford et al. (2011) and the current findings, they are available for an abbreviated version of the most frequently used executive function test battery (Rabin et al., 2016) . The D-KEFS BRs give clinicians an additional and essential tool to help them interpret the wide range of test scores gathered through a typical neuropsychological evaluation. During a comprehensive assessment, clinicians often administer several tests in each cognitive domain (e.g., attention, learning and memory, and executive function); and the likelihood of observing a low score increases with the administration of more tests (Binder et al., 2009) . Therefore, practitioners must be wary of over-interpreting low scores in their clinical practice as an indication of cognitive impairment in order to avoid diagnostic errors.
In terms of risk for misdiagnosis, cognitive decline among older adult clients can be difficult to accurately identify (Brooks et al., 2007 (Brooks et al., , 2008 . These multivariate BRs can help reduce the risk for diagnostic errors among neuropsychologists evaluating clients for Mild Neurocognitive Disorder (MND) based on criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5; American Psychiatric Association, 2013). The psychometric criterion for DSM-5 MND is having low test performance in at least one domain of cognitive functioning, such as memory or executive function. Low test performance is defined as one SD, or more, below the mean. Considering the high prevalence of low scores in the general population, the false positive rate of MND diagnosis could be quite high.
Take for example a 65-year-old man with cognitive complaints, no impairment in activities of daily living, no identified health problems that could affect cognition, and normal brain magnetic resonance imaging (MRI) findings. A neuropsychologist assesses him using the three-test D-KEFS battery, the WASI, and the WMS-IV. This individual has no unusually low scores on the WMS-IV and his intelligence is estimated at a Standard Score of 107. On the D-KEFS, his scores were all in the average range with the exception of performance at the 5th percentile on the Trail Making Test and at the 16th percentile on Letter Fluency. Without multivariate BRs, the clinician might interpret this score profile as evidence for impaired executive function, and combined with subjective complaints, may consider an MND diagnosis. However, as seen in Table 1 , 28.0% of individuals in the normative sample with his level of intelligence obtain two or more scores at or below the 16th percentile. Further, his unusually low score on the Trail Making Test is not an unusual finding because 25.5% of individuals with his level of intelligence obtain at least one score at or below the 5th percentile. However, if the man had evidence of periventricular and frontal small vessel ischemic disease on MRI, and obtained the exact same pattern of test scores, the clinician might be more likely to consider his current performance to be diminished compared to his estimated past functioning. It is important to remember that one out of four people in the normative sample shows a similar pattern of low scores but three out of four do not. It would be reasonable for the clinician to conclude that he was more likely to be in the 75% who did not show this pattern of low scores than the 25% who did show this pattern of low scores prior to the onset of his cerebrovascular disease.
This case illustrates another important point. The BRs of low scores are stratified by level of intelligence in healthy adults. As such, when working with clinical populations, the clinician must estimate a person's level of premorbid functioning prior to looking up the BRs. In this case example, if the clinician assumed that the man's premorbid WASI was actually higher (e.g., 110+ instead of 107), then obtaining two scores at or below the 16th percentile would occur among only 14.9% of individuals with similar levels of intellectual ability. That pattern of performance, for an individual with above average intelligence, would be more consistent with a DSM-5 diagnosis of MND. As illustrated with this case example, multivariate BRs are designed to supplement, not replace, clinical judgment.
Clearly, obtaining one low test score, or in some cases two or more low test scores, on tests of executive function is common when multiple tests are administered, so having one low score should not be the criterion for having a deficit in executive function. Instead, Table 2 can be used to determine if a person meets psychometric criteria for MND in the domain of executive function when this battery of three D-KEFS tests, yielding 7 scores, is administered. For example, if a person has estimated above average intelligence (i.e., FSIQ = 110+), the following patterns of test scores are uncommon (occur in fewer than 10%) and thus could be used to define DSM-5 MND: 4/7 scores ≤25th percentile, 3/7 scores ≤16th percentile, and 2/7 scores ≤9th percentile. If a person has estimated average intelligence (e.g., FSIQ = 90-99), the following patterns of test scores are uncommon (occur in fewer than 10%) and thus could be used to define DSM-5 MND: 4/7 scores ≤16th percentile and 3/7 scores ≤5th percentile.
The above example illustrates the usefulness of Table 2 for providing quantitative information to neuropsychologists to serve as the psychometric foundation for a particular diagnosis; however, certain limitations exist when using the intelligence and education stratifications. The data provided in Table 2 are from a relatively large sample size (N = 1,028), but when stratified by intelligence and education, the cell sizes become much smaller. For example, the cell size for individuals with 12 years of education (n = 351) is much larger than the cell size for individuals with ≤8 years of education (n = 57). In this context, a clinician would benefit from practicing greater caution when using the data from the normative group with fewer years of education. However, as with other normative samples (Brooks, Holdnack, & Iverson, 2011) , one would expect a greater amount of low scores among individuals with fewer years of schooling.
Most importantly, Tables 1 and 2 in this paper provide intelligence-stratified BRs that are based on the four-subtest version of the WASI. The tables are highly accurate if the clinician administers those exact same tests and the obtained IQ score of the patient is similar (and in the same classification range) as his or her premorbid IQ. If, however, the person's obtained IQ score is lower than his or her premorbid IQ (e.g., premorbid = 102 and obtained = 99), and the clinician used the BRs for those with IQ scores between 90 and 99, then the results would be less accurate (i.e., there would be an increased risk for a false negative or missed diagnosis of MND). Clinicians and researchers who use other methods for estimating premorbid IQ (e.g., other Wechsler scales, reading tests, or regression models) should appreciate that they might inadvertently select the incorrect IQ-stratified BR comparisons in Tables 1 and 2 -and in some cases it might be best to simply use the overall normative sample BRs (e.g., for example, when in doubt if a person's premorbid IQ is between 90-99 and 100-109).
In conclusion, these BRs facilitate simultaneous interpretation of multiple D-KEFS scores, allowing clinicians to understand the normal frequency of low scores on an executive function test battery. The majority of the sample obtained at least one score ≤16th percentile, showing that a single low performance is very prevalent among healthy adults. Further, a substantial minority of participants obtained at least one low score based on more extreme cut-offs (e.g., 36.1% with one or more scores ≤5th percentile), indicating that an unusually low score in isolation actually occurs quite commonly among healthy adults. Considering this high frequency, the D-KEFS multivariate BRs offer additional information to inform clinicians about the normal performance patterns on the battery; however, they are not diagnostic on their own. Clinicians should consider the pattern of low scores on a case-by-case basis, considering presenting problems, collateral information, medical history, and neuroimaging in combination with psychometric findings in their diagnostic process. If low D-KEFS scores align with a concern identified by the client or informant and occur in the context of abnormal imaging, then a pattern of performance that is fairly common (e.g., occurs in 20% of healthy adults) could indicate a true deficit, rather than a normal fluctuation in cognitive performance or a pre-existing weakness. For example, an individual with a history of intellectual disability will have many low scores, consistent with an amount of low scores commonly attained by individuals with low IQ; however, although normal in comparison to an intelligence-matched sample, this person is still cognitively impaired. It is also important to appreciate that an uncommon number of low scores could indicate a long-standing personal weakness in executive function; however, it does not necessarily indicate that this dysfunction occurred as a consequence of a neurological condition. Furthermore, in some cases a patient or family member might not report, or be aware of, a specific deficit (e.g., not aware of a planning problem) that is observed as a specific weakness in the test results, and actually represents a true weakness in that skill. The determination of etiology should rely on multiple sources of information, with diagnostic judgment ultimately in the hands of the clinician. The D-KEFS BRs merely offer an advanced resource to aid in that diagnostic decision-making. 
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